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ABSTRACT 

Phase responses of the strain seismographs indicate appreciable deviations 
from theory.    However,  good cancellation of Rayleigh waves with combinations 
of strain and inertial seismographs indicates acceptable phase match. 
Unpredicted phase discrepancies of approximately 5 degrees in the 0. 8 cps 
galvanometers of the strain seismographs can be eliminated by a simple 
conversion to a 3 cps system.    Uncertainties in the phase response of the 
cahbrators on the strain seismometers can be resolved by installing a monitor 
at the calibrator. 

The main effort on the program has been shifted toward evaluating the directional 
capabilities of the strain-inertial combinations in the long-period spectrum 
A combination of long-period strain and inertial seismographs with matched 
frequency responses has been designed and is being put into operation at WMSO 
The technique of detecting long-period (15-20 sec) surface waves masked 
either by microseisms or by surface waves from another event is demon- 
strated using 6 sec surface waves from the short-period strain directional 
array. 

To minimize off-line summing of data from individual seismographs of the eight- 
component short-period strain directional array,  the data will be summed 
on-line and recorded on a Develocorder at WMSO.    This system will be an 
operational prototype of a strain system capable of enhancing short-period 
signals.    The transition to on-line operation is nearly complete. 

A comparison of the plastic-cased borehole and the steel-cased borehole 
indicates that the latter is not responding properly to earth strain. 

Theoretical expressions for displacement and differential displacement due 
to incident SV waves have been derived.    ReUtive values of displacement and 
differential displacement have been computed and are compared to a recording 
by the strain and inertial seismographs at WMSO. 
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MULTICOMPONENT STRAIN SEISMOGRAPH 

1.    INTRODUCTION 

This report discusses technical findings and accomplishments in a program 
of strain seismology under Contract AF 33(657)-15288 in the period 1 October 
to 31 December 1966.    The work reported herein covers development of a 
system of  3-component strain and 3-component short-period inertial seismo- 
graphs having matched amplitude and phase responses in the frequency range 
0. 01-10 cps. 

This report is submitted in compliance with Item 6 of Exhibit A,  Statement 
of Work to be Done, AFTAC Project Authorization No.  VELA T/5081.    The 
report is presented in the same sequence as the tasks in the Statement of 
Work.    The Statement of Work is included as an appendix. 

L.    INSTRUMENTATION DEVELOPMENT 

2. 1   PHASE ERRORS IN THE STRAIN SEISMOGRAPHS 

Phase responses run on the strain seismograph system deviate from the 
theoretical system response.    On the horizontal strain seismographs,  for 
example, deviations average 9° lag at 0. 6 cps,   10° lag at 1. 0 cps,  and 31° 
lag at 4. 0 cps. 

Investigation of this problem has shown that most phase readings in the various 
components of the systems lag the theoretical response.    Therefore,  the 
additive effect becomes serious,  especially at higher frequencies.    Phase 
errors have been located in the phototube amplifiers and the strain seismometers. 

2. 1. 1   Phototube Amplifier Phase Error 

The phototube amplifiers exhibit two types of phase errors.    The first error 
involves an apparent change in the galvanometer free period as installed in 
the system and properly damped.    Recent checks of all strain PTA's show 
that the damped "free" period (point of 90° phase lag) occurs at approximately 
0. 76 cps instead of 0. 8 cps on four of the instruments.    An error such as this 
will cause the phase curve to shift with frequency,  producing lagging phase 
errors of approximate y 5° at frequencies in the band of interest. 

-1- 
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driving voltage at frequencies below 3 cps     It should hl „t *.u 1fCrea8xng 

2'1-2   Strain Seismometer Response 

l^aB>wPOn8e te8t8 0f ^ Btrain 8ei«™™ters indicate increasing phase 

-f'm   "ToT 0    ia the h0riZOntal Ca6e'  the8e —" a- approimately from 0. 1 to 2. 0 cps. increasing to about ISO at 6 cps.    The vertical 
Beismometers exhibit phase errors approximately double those on iehori- 
zontal instruments.    Tests of the magnetostrictive caübrator on Sie verticil 

*   rr.Teter' ^^ Were di8CU88ed in Technicai Report 66  93   indicate 
^at at   east part of the phase error in the seismometer is produced W^e 

*on£i        ; 18 P088'ble ^ ^ elect—agnetic calibrators on the^oH- 
«ontal instruments produce similar errors.    In order to determine wheSer 
these errors are produced in the calibrators or in the seismoZter^  it is 

^rZm^rs^r I ^^^ ^d— -r the cal". of bo^ 
seismometers.    Such a monitor is feasible and can be built at reasonable 

2. 1. 3   Conclusions 

Additive lagging pha.e error, from the above cau.es adequatelv explain tho.- 
error, noted during .ei.mom.ter calibration.    It i. al.o apJaren'TtaTa 

rioraor". T' Tor notod during ^"^ >• ^»H^L ....mograph output, under operational condition..    The fact that combination. 

1Z"D*      rT1 'V'™*'*'*" ^e produced good cancellation ofXyleTgh 
rper^on.'" ' ^^^ "' °°< *** repre.entatton. of .ei.mog/aT 

2. 2   STRAIN SEISMOGRAPH IMPROVEMENTS 

^a
8igl^iCv!nt improvement in etching strain and inertial seismographs can be 

a fmL inVe'ItrT8 ^ ^^ ^ ^^ «Manometers a'nd !n eXg 
a f llr La. b^Th    H87  ;m t0 T^ ^ ^'^ ^^met.r response.    Such 
a filter ha. been built and tested with excellent results.    Figure 2 shows a 
block diagram of the proposed amplifier system with amplitude and X e 
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STRAIN SEISMOGRAPH 

SNS- PTA 
4300 

PTA 
PILTM 
6824-1 

INERTIAL SEISMOGRAPH 

SPN. PTA 
4300 

PTA 
FILTER 
6824-1 

OP AMP 
34146 

SPECIAL 
FILTER 

OP AMP 
34146 

SIGNAL 
CONTROL 
CENTER 

23043 

SNS 

SPN 

«5.0 3       0.7 

DATA 
CONTROL    | 

UNIT 
5791 

08 07 0? 
SPECIAL FILTER 
!
r-08cp.    A-0.7 

3 4. HINTS AT 0.4 AND 1.6 cp. 
Fit« AND LOW CUT-OFF RATE - 
4 dB/OCTAVE 

1.0 

FREQUENCY (co.) 

Figure 2.    Block diagram of »train and inertial seitmograph with 
matched amplitude and phase responses obtained with 3 cps 

galvanometers and a special matching filter 
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re.pon.e asymptote«.    Figure 3 .how. the phase re.pon.e of « PTA and .pecial 
filter combination.    Minor deviation, from the theoretical retpon.e occurring 
above 4. 0 cp. are due to phase error, in the PTA electronic. 

U.e of thi. system would eliminate pha.e error. di.cu..ed in paragraph 2  1   1 
above,  improve overall .y.tem .tability.  and reduce maintenance.    Modifi- 
cation of the pre.ent .y.tem can be accompli.hed with a minimum of data 
loss and at low co.t. 

3.    SEISMOGRAPH DEVELOPMENT 

3. 1   SEISMOGRAPH PHASE STABILITY 

In mid-October,   component, of the .train and inertial .ei.mograph .y.tem. 
were adju.ted to produce pha.e re.pon.e. which matched theoretical value. 
a. clo.ely as po.sible.    In order to eliminate uncertaintie. in the re.pon.e of 
the strain seismometers and/or their calibrators,  response measurement, 
for the strain .ystem were obtained by inserting a signal into the amplifier 
«.y.tem..    On J 3 October, a 16-point phase re.pon.e wa. obtained for all 
instrument, and weekly 5-point check, continued throughout the period 

Data from these phase responses were tabulated and standard deviations for 
each instrument were determined at 1. 0 and 4. 0 cps.    The pendulum seismo- 
graphs were found to be very stable, with deviations averaging 1. 6° and 1. 7° 
at 1. 0 and 4. 0 cps.  respect, /ely.    The strain instruments without their 
transducers exhibited deviations averaging 3. 3° and 6. 3° at 1. 0 and 4. 0 cps 
respectively.    Tho phase responses of both .y.tem. showed little deviation ' 
at frequencie. be.ow 1. 0 cp.. 

Uthough the strain amputiers exhibit some phase instability -vhich could be 
improved by incorporating modifications discussed in paragraph 2. 2 above, 
all instruments can be considered .ufficiently .table for operation of matched 
«y.tem.. 

3. 2   LONG-PERIOD STRAIN 

Late during thi. reporting period,  it wa. decided to place the main effort on 
evaluating the directional capability of the .train array in the long-period 
.pectrum.    To avoid the time-con.uming setup of long-period inertial 
8ei.mometer., data from WMSO long-period in.trument. will bo u.ed and 
the response of a .train «ei.mograph will be matched to that of an inertial 
.ei.mograph.    Initially,  the long-period east inertial and long-period ea.t 
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•train channel, will b. recorded, with the .train .ei.mometer operatin. int« 
• long.period (110 .ec) galvanometer followed by a .peciTl mter     m? 
special filter ha. been built and i. now being teVted T^tSSlJ^MM 
other equipment ir avaiUble.    The amplitude re.pon.e e^mp^teTfor SS 
lon^period .train and inertial .y.tem and their component, are .^?n

e 

3. 3   HORIZONTAL STRAIN SEISMOMETER HOUSING MODIFICATION 

.ncluaed      .ending the tan. vault/on SL'ÄtSr^ .^^2^ 

0 5 m^l Vteel r"8 " *• CUlVert' leadin8 to ** -**«• 't a depti of 0^5 m below the .urface. The Unk vault exten.ion. were deigned to provide 
both ea-xer maxntenance and improved .ealing.    The culvert cover, were 

-afX'^e0!^":-^ n0i8e OP ^ ""—ter. and for per.Zl safety.    The modificatwn. were completed with a minimum of data lo... 

3.4   MAINTENANCE 

3-4«1    Vertical Strain Seiamometera 
—   

The vertical atrain aeiamometer inatalled in the borehole with compliant 
caaing wa. put into operation on 4 October.    It waa found that loa.e. in thi. 

fricüo^VtLT^r" rTrted ^ T'Schnical M^rt 66-93 were cau.ed by 
wir«? lni

th%t7n»duc" cl^P asaembly.    Special in.tallation technique, 
were developed for in.tallation of thi. .ei.mometer and the problem will be 
mvctxgated after evaluation te.t. of the new borehole are completed 
Operation of both vertical« ha. continued throughout thi. period without 
maintenance. 

3' 4' 2   Horizontal Strain Seismometer. 

Maintenance wa. performed on the quartz tube atandarda of north and north- 
weat atrain aeicmometera during October and November,  reapectively     In 
both caaea    the tube wa. found to be broken near the electromagnetic calibrator, 
it i. possible that the epoxy u.ed to mount the calibrator coil, may have 
contributed to the breakage due to unequal expan.ion and contraction with 
changing temperature or humidity.    Thi. problem i. being inve.tigated and 
the u.e of particular epoxy compound, will be avoided in the future.    It mav 
be nece..ary to rede.ign the calibrator to fully eliminate thi. problem. 

-7- 
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STRAIN SEISMOGRAPH 

12 rfB/OCT X KISMOMETER 

ft. «5 CM 

(MOVING COIL PLUS DIFFERENTIAL 
EARTH MOTION) 

U 4B/OCJ 

INERTIAL SEISMOGRAPH 

6« OCX 

K - 0.05 epi 
X..0M 

0.01 0' 

'••0.01 cp. 
A«-0 85 

1.0 

GALVANOMETER 

SPECIAL FILTER 
fc - 0.0S cp» 
A-0.65 

-6 dB/OCT 

BANDPASS FILTER 
6824-14 

12 M/OCJ 

RESULTANT 
RESPONSE 

0.01 0.1 

FREQUENCY (cp.) FREQUENCY (cp.) 

Figure 4.   Asymptotic amplitude responses of long-period strain 
and inertial seismographs and their components 
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4.    EVALUATION 

4. 1   EVALUATION Oi IMPROVED HORIZONTAL STRAIN HOUSING 

Micro seisms recorded during periods when the wind was blowing between 
0-5 mph ,   10-15 mph, and 25- 30 mph have been selected to evaluate the 
improved horizontal strain housing at WMSO.    Samples recorded by the 
north and east strain seismographs prior to and following the improvements 
have been digitized and spectra of the samples have been obtained.   A 
computer program is currently being written that will employ the magnitudes 
of the spectra to evaluate the reduction of the horizontal strain seismometers' 
sensitivity to wind noise. 

5.    APPLICATIONS 

5. 1   DATA COLLECTION 

5. 1. 1    Routine Recording 

A short-period system consisting of 6-strain and 5-inertial seismographs 
has been operating to collect data to be used in determining the usefulness 
of strain signals for signal-to-noise improvement and for wave identification. 

5.1.2   Directional Array On-LAne Recording 

To minimize off-line processing of the eight-component short-period strain 
directional array, the array will be recorded on-line at WMSO beginning in 
the latter part of January 1967.    An A El analog computer,   TR-10, has been 
obtained from Contract US 33(657)-7060 for use in the on-line recording 
process.    WMSO Develocorder No. 4 has been obtained on a temporary basis 
to record the array data. 

5. 2   COMPARISON OF THE 2 VERTICAL STRAIN SEISMOGRAPHS AND 
THE 2 SETS OF ORTHOGONAL HORIZONTAL STRAIN SEISMOGRAPHS 

In Monthly Report No.   12,  Project VT/5081,  results from comparison of the 
two sets of orthogonal horizontal strain seismographs were given.    The results 
showed a high degree of similarity. 

Theory predicts that any set of orthogonal horizontal strain seismometers 
and vertical strain seismometers will have an omnidirectional response and 

-9- 

TR 67-2 



will h.». .inuUr output..    Th.r.for.. th. two v.rtic^l .tr.i„ ..i.-nom.,.,., 

verity proper operation. 

JperL'/lf^H noi8e •f™?1" w^e randomly .elected from data recorded over 
a period of 5 day.     The eummation of the northeast and northwe.t horizonUl 
co*T 8ei'm0«raPh <ESNE'  SNW) ^tput. wa. u.ed a. a control .ignTlT 
^M   «A "•l00*1 8train """"«"Ph output..    The analog output of 
I ^ JS* Wa8 8ubtracted f'om ea^ vertical .train analog output giving an 
analog difference. A SO-.econd .ample from each of the three .ei.rSc noUe 
-ample, procee.ed wa. analyzed u.ing the Geotech Analog Spectral Analyzer. 

The .pectrogram. revealed two important fact, about the two vertical .train 

fr0TZr^a\    r''' ?* ^ ""^^ ^ the Vertical -t'a- -ei.mograph 
dir^H e      M8641 b0reh0le (SZl) at a *** oi 18 met"- to 36 meter, 
dieplayed poor .imilarity with data from both the vertical .train .ei.mometer 
m the new pla.tic ca.ed borehole (SZ2) and the orthogonal horizonUl .train 
.ei.mometer.     Thi. i. illu.trated in figure 5 where the .pectrogram for 
the analog difference between the SZ! data and  ESNE.  SN^   data exhibit. 

appelr on 8l%7Ctral Peak8 ^ ^ "^ 0f 0- ' CP8 t0 0-4 CP- which do ** appear on the SZ2 .pectrogram for the .ame time interval.    Thi. ^..imilarity 
Tn fi,V.    .     ^ 0rth0*0nal horizontal .train .ei.mograph. ha. been ob.erved 
SJÜSr Produced que.tion. about   po..ible problem, exi.ting within 
either the .ei.mometer or the borehole.    To re.olve the.e que.tion.    a 

"
CO

H    ^r/h0^With * Pla8tiC Ca8ing between 18 meter8 and 36 meter, depth 
wa. drilled.    The data from the new borehole exhibit  a higher degree of 
.innlarity with ESNE.  SNW than doe. SZ, except for two .pectral peak, about 
0. 4 cp. and 0. 75 cp..    After the vertical .train .ei.mometer wa. in.talled 
in the new borehole,  a non.ei.mic noi.e was ob.erved.    Thi. noise would 
vary in amplitude during a 24.hour period,   .ometime. disappearing into the 
.ei.mic background noi.e.    The predominate frequencie. of the noi.e were 
approximately 0. 4 cp. and 0. 7 cp..    A .ample of the non.ei.mic noi.e on 
5Z2 I, shown in figure 6.    As the month. pa..ed.  the maximum amplitude of 
the noi.e became less and disappeared into the .ei.mic background noi.e 
However,    when the   ESNE.  SNW output wa. .ubtracted from t'.ie SZ, output. 
the non.ei.mic noi.e again became visible.    Spectrogram, of the reiidual 
signal from the comparison were made and the spectral peaks are quite 
evident in all three sample, processed.    In figure 7 are spectrogram, of 
the three samples displaying spectral peaks about 0. 4 cps and 0. 75 cp.     The 
.ource of this non.ei.mic noi.e i. believed to be the borehole.    There are 
two reasons supporting this conclusion.    First,  two identical vertical .train 
seismometer, were in.talled in the new borehole at different time, and both 
recorded the non.ei.mic noi.e.    Secondly,  a. time pa..e..  the maximtun 
amplitude of the noi.e become, smaller.    Since the level of the noi.e i. 
decreasing with time,  the borehole i. apparently .ettling and will reach an 
equilibrium.    Later data will be analyzed to verify the above conclu.ion. 
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Figure 7.     Spectrograms of the summations r(SZ2,   ESNE,  SNW) for three 
50-second seismic background noise samples recorded on 9,   10,  and 
13 October 1966 showing spectral peaks about 0.4 cps and 0. 75 cps 
made by a nonseismic noise generated in the new plastic-cased 

borehole at WMSO 
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5. 3   STRAIN DIRECTIONAL ARRAY 

The capability of the «hort-period strain direct-onal array to enhance body 
waves and surface waves from earthquakes and explosions by rejecting 
microseisms from various directions has been illustrated in Technical 
Reports Nos.  66-5 and 66-45.    Our main effort is now being directed toward 
detecting long-period surface waves masked either by microseisms or by 
surface waves from another event.    Since data from matched long-period 
seismographs are not available in a form that can be processed,   short-period 
data will be used to illustrate the technique. 

To simulate a simultaneous arrival of surface waves fr jm two sources, 
magnetic tape data recorded on different dates were summed to form a 
composite record.    The composite consisted of a teleseismic event having 
5- to 6-second surface waves and a microseismic storm consisting of 5- to 
6-second surface waves.    The event was from the Revilla Gigedo Island 
region (azimuth = 211°, A = )7. 5°) and was recorded by both the east strain 
and inertial seismographs on 4 August 1966.    The microseismic storm waves 
in the composite were taken from data recorded on 4 February 1966 by both 
the east strain and inertial seismographs. 

The strain directional array results from the difference between the azimuthal 
response of the horizontal strain and inertial seismometers.    The horizontal 
strain seismometer has a cos2 a azi.nuthal response resulting in like sign', 
at zerj and 180 degrees.    The inertial seismometer, however, has a cos Cl 
azimuthal  response  resulting in unlike signs at zero and 180 degrees.    This 
difference in signs allows the strain to be summed with the inertial to provide 
maximum cancellation of fundamental mode Rayleigh waves from one directic- 
and maximum addition from the opposite direction.    Since the microseisms 
used in the composite were arriving from the east,  the west directional array 
component was selected as it provides maximum cancellation of signal from 
the east. 

The block diagram in figure 8 shows how the date were processed.   The event 
as recorded by the east strain seismograph was summed with the strain record 
of the microseismic storm prior to the final summation.    Similarly,  the event 
as recorded by the east inertial seismograph was summed with the inertial 
record of the microseisms prior to the final nummaticn.    The resulting 
composite is shown in figures 9 and 10.    Trace 1 nhows the signal used in 
the composite and represents the summation of the signals from the east 
strain and .nertial seismograph outputs.    Trace 4 is background noise as 
recorded originally by the east inertial seismograph.    Trace 3 is the same 
background noise sample wixh the event superimposed aj recorded by the 
east inertial.    Trace 2 is the west component of the directional array. 
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Figure 8a shows how effective the directional array is in reduci' 3 the leve' 
of the 5- to 6-second microseism» (see traces 2 and 3 for the first 80 seconds). 
The microseisms were reduced by ftt least 6 dB/octave.    Therefore,  funda- 
mental Rayleigh waves arriving from the west will have an S/N improvement 
of at least 12 dB/octave.    Figure 9a shows the initial arrival of the event 
and a comparison of trace 2 with 1 shows how the array was able to restore 
the event in contrast with the signal detected by the east inertial alone.    In 
figure 9b,  the initial arrival of the surface group can be easily detected on 
the west array component,  but cannot be detected on the east inertial trace 3. 
Comparing traces 3 and 4 in figures 10a and 10b reveals contamination of the 
surface waves bv the microseisms to a point where background noise and 
signal cannot be separated.    However,  the west strain array component, 
trace 2,  is still able to restore the surface waves with little or no contamination. 

5. 4   WAVE IDENTIFICATION 

Horizonte lly polarized transverse waves will he recorded,  dependent on 
azimuth,  by horizontal strain and inertial seisn-vogrf phs.    The vaves will not, 
hp'vever, be recorded by either the vertical strain or inertial seismographs. 
Figure 11 is the recording by strain and inertial seismographs of the SKS 
phase of an earthquake whose epicenter was approximately 96° from WMSO. 
The vertical strain seismograms are observed to have appreciable amplitudes. 
They indicate the presence of the vertical component of transverse waves,  SV. 
The following discusses the results of theoretical considerations given the 
displacement and differential displacement due to incident SV waves.    Since 
the amplitude responses of the strain and inertial seismographs at WMSO 
have been equalized to compensate for the 6 dB per octave increase of 
differential displacement with increasing frequency, where Uie displacement 
is constant,  only the relationship of differential displacement to displacement 
at one frequency need be considered. 

Expression?: for displacement due to incident SV waves have been derived by 
Huang (1966) who allowed for variations of parameters,  for example,  angle 
of incidence,  frequency,  Poisson's ratio,   shear wave velocity,  normal stress 
along the surface,  and depth.    Employing Huang's expressions,  relative 
amplitudes of vertical and horizontal surface displacement, horizontal 
differential displacement at the surface,  and vertical differential displacement 
between 18 and 36 meters below the surface were obtained and are presented 
in figure 12 as a function of the angle of incidence.    The values of differential 
displacement have been multiplied by 50 for improved resolution.    Poisson's 
ratio was assigned a value of 0. 3 and the normal stress along the surface 
assumed to be zero. 
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> 

in 
FR Ed- 10 cp. 

i8^6    /, I   V Pl0t8 0f the relativc verticai di«PUcement U2. 
horizonui A.pUcÄment Ul. vertical differential displacement 
E22. honzontal differential displacement Ell due to incident 
SV waves plotted as a function of the angle of incidence.   The 
values of differential displacement. E22 and Ell. have been 

r-'itiplied by 50 for improved resolution 
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feT.mo^   *' U *>•/-umed that both a horizontal .train and inertia! 
waveT^eT/« T ZU** 2 ^ ^eCti0n 0f ProPa8»^n of the incident 
wave., hence removing aximuthal re.pon.e. from ron.ideration. 

From figure 12.  the horizontal di.placement i. .een e..entially unchanged 
in magmtude from 0° to 30O   incidence     corre.ponding to tele.ei^c earl 
quake, who.e epicentral di.tance. are approximately 30° or grelt«     Ae 
vertical mertial .ei.mograph if operating at the .ame mag^flc!tVon a.^e 
horizonul mertia   .ei.mograph will record only from about 1/2 to "ero^ e 
t^ace amplitude of the horizontal for th«.e .ame epicentral di.ulce. 
Therefore,   tele.ei.mic body pha.e. arriving a. tran.ver.e wave, ^il b« 
recorded with relatively large amplitude, b/the horizontal inertVal^l^o 
graph (mcluding both SH and SV component.) wherea. theLrZTiner^' 
• ei.mograph wiU record littl-, or none of the di.turbance.     ™./.    K 
on .ei.mogram.. «■turoance..    Thi. i. ob.erved 

From an i, cidence of 30°.  the vertical and horizontal differential di.nl.o* 

have larger amphtud« than the vertical iaertial for SV wave. arriJ^lM 
ep.ce„,ral di.tance. b.y„nd 26°.  The vertical .train .^ZVr^U^T 
larger amplitude, for all epicentral di.tance. excep. where ft.T.^n.^U 

The vertical .train .ei.mograph,  .ince it doe. not recoro SH   will th.r.fo,. 

to have equa' trace amplitude, for fundamental Rayleigh.)        m*mi'*** 

Z^AuT near Df CritiCal angle' Where the "fleeted longituainal wave 

ponding to an epxcentral di.tance of about 26°. corre.- 

It i. important to note that the vertical and horizontal differential di.placement. 

ve^cVl^ Z^iZSTt**'''*** ***"*** -er excled the 

The data u.ed in figure 12  were computed where the expre..ion including the 
normal .tre.. along the .urface wa. a..igned a value oTzero.    m. „ " b. 
an accurate value in weathered .urface material; however    *e v^ücTl^ 
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IP?!!?****!**** i8 ****** b^"n Point, approximately 18 and 
36 meter, be.ow the .urface where the rock ha. been .ubjected to le.. 
weathering     By u.ing a value greater than zero even wider difference in 
Hro it .ml ho"-nUl differential di.placement i. ob.erved. where lvalue 
cTtll     u r1^111^ f0r the hori^nt*1 ""•    Clo.e examination of empiri- 
CM data wall be nece..ary to arrive at the value mo.t .uitable for WM«) 

6,    REFERENCES 

Huang.  Y.  T.     1966. Effect of an ela.tically retrained boundary on 
SV-wave radiation pattern.:   Teledyne Indu.trie.. Geotech Divi.ion 
Technical R«nort M«    A/;_iii "^».n divi.ion, Technical Report No.   66-111 
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APPENDIX TO TECHNICAL REPORT NO. 67-2 

STATEMENT OF WORK TO BE DONE 
AFTAC PROJECT AUTHORIZATION NO.  VELA T/5081 



EXHIBIT "A" 

STATEMENT OF WORK TO BE DONE 

AFT AC Project Authoriration No. VELA T/5081 

!•   Imtrumentation Development 

a. Complete the development of the variable-capacitance transducer to 
extend the strain seismograph response to longer periods. 

b. Complete the modification and testing of the seismometer transducers, 
amplifiers, filters, and associated circuitry to insure a consistent phase 
relationship between pendulum and strain seismographs. 

c     Design and install secular strain monitors to improve the horUontal 
strain seismograph operation. 

d.   Improve the stability of the seismograph circuitry by installing a 
separate phototube amplifier shelter. 

2.   Seismograph Development 
■ 

a.    Vertical Strain Seismograph 

(1)   Complete this design of the vertical strain seismograph by 
improving the anchor design, reshaping the instrument .actions, and 
improving the mechanical reliability relative to installation, position lockina 
and removal. *' 

(2)   Improve the operation of the vertical strain seismograph by 
incorporating the developments listed in paragraphs la.  lb. and 2a('l). 

b.   Horizontal Strain Seismographs • 

(1) Improve the design of the horizontal strain seismographs by the 
addition of secular strain controls and seismograph housing modifications. 

(2) Improve the operation of the horizontal strain seismographs by 
incorporating the developments listed in paragraphs la, lb, 1c, Id, and 2b(l), 

REPRODUCTION AF 33(657)-15288 
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EXHIBIT "A" (Cont'd) 

3.   Evaluation 
. 

a-   Vertical Strain Seiimo^raph.   Te.t and evaluate the operation of the 
improved vertical strain sei.mograph in a new uncased borehole to be located 
adjacent to the present cased borehole.   The uncased borehole is to be oil- 
filled and may contain the following features: 

(1)  Steel casing sections may be used for instrument anchor locations 
if the secuons are decoupled from each other so that longitudinal casing ririditv 
is less than that of the surrounding rock formation. 

Ill   A continuous plastic casing may be used to maintain wall smooth- 
ness and hole integrit> provided that the plastic is more compliant than the 
surrounding rock formation. 

(3)   Combinations of (1) and (2) may be used.   In all instan>.,B where 
instrument achors must lock against a borehole finer, the liner must be 
ngidly bonded to the borehole wall. 

To facilitate the positioning of the instrument in the borehole, a permanent 
anchor may be used in the cased and uncased holes.   This fixed d-pth 
operation might help to avoid the anchor malfunctioning which has been 
experienced. 

b.   Horizontal Strain Seismographs.   Test and evaluate the operation of 
the improved horiiontal strain seismographs in their improved housing. 

4-.   Applications 

a. Record seismic data at Wichita Mountains Seismological Observatory 
on magnetic tape and 16 mm film; process magnetic tape data at the 
Geotechnical Corporation's central data processing faculty and elsewhere as 
required; and determine spectra, phase, and coherency among the vertical 
strain, horizontal strain, and several pendulum seismometer control signals. 

b. Experimentally corroborate the vertical strain seismograph per- 
formance relative to the 2 crossed-horizontal strain seismographs to verify 
that true earth strains are faithfully recorded by the vertical strain instrument. 

. 
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EXHIBIT "A" (Cont'd) 

c. Develop a thorough understanding and evaluation of the phase and 
amplitude performance of the strain seismographs and related pendulum 
systems. 

d. Determine the usefulness of strain seismographs when used singularly 
and in combination with inertial instruments for wave identification, signal 
enhancement, detection of long-period signals, and rejection of noise arriving 
from selected azimuths.    Determine the usefulness of strain seismograph« in 
distinguishing between earthquakes and explosions.   Schedule the program so 
as to provide preliminary results on the P-wave enhancement portion of the 
program not later than 30 Sept 65. 

♦5.    Drawings.    Provide cleavings and specifications on items specified in 
paragraphs 2a(l), 2a(2), 2b(l), 2b(2), and the uncased borehole as outlined 
in paragraph 3 according to Data Items E-23-11.0, E-2-11.0, E-4-11.0, 
E-5-)1.0, E-7-11.0, and T-13-28.0 contained in AFSCM 310-1.    These 
drawings shall conform to the instructions contained in Attachment 2. 
Wherever Data Items conflict with Attachment 2, the latter will take precedence 
Reproduction shall be accomplished in accordance with Data Item E-4-11   0, 
paragraphs lb.  If, 7, 9,  10,  11, and 12c(3), microfilm on aperture cards 
and nonreproducible paper copies.   Index card keypunch forms* may vary 
from specifications as approved by AFTAC through the project officer. 
Aperture cards should be furnished in 2 copies,  1 positive and 1 negative. 

6.    Reports.    Provide monthly, quarterly, final, milestone, and special 
progress reports in accordance with Data Item S-17-12.0, first sentence 
of paragraph 1.    Wherever the Data Item conflicts with Attachment 1, the 
latter will take precedence.   All reports under this project will be forwarded 
to HQ USAF (AFTAC/VELA Seismological Center),  Wash., D. C.   20333. 

*For the purposes of this contract, the provisions of paragraph 5 of this 
Exhibit "A" are hereby waived.   In lieu thereof, the following provisions 
shall apply: 

"5.    Drawings.    Drawings shall be furnished in accordance with the 
provisions of line item 7 of the DD Form M~3 and attachments thereto." 
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